Abstract: In this paper, a double balanced mixer based on a novel planar balun with the operating frequency from 3.1 GHz to 10.6 GHz is proposed. This microstrip-to-slotline transition balun can block IF and DC components effectively in a wide band. Also, in order to provide better isolation, a compact low pass filter is connected to the IF port. As the measured results show, the mixer exhibits the conversion loss less than 15 dB with the IF up to 100 MHz and port-to-port isolation better than 25 dB. The proposed mixer can be applied in the ultra-wideband transmission systems.
Introduction
Ever since 3.1 GHz to 10.6 GHz ultra-wideband license-free communication standards were approved by the Federal Communications Commission (FCC) in 2002 [1] , high-speed wide-band wireless communication technology and systems have become a hot research area. Mixers are important components in these systems for frequency up-conversion and down-conversion. And double balanced mixers have the advantages of low LO noise, better harmonic suppression and high port-to-port isolation [2, 3, 4, 5] . The baluns are the key component in double balanced mixers and determine their performance directly.
In this paper, a double balanced mixer based on a novel planar balun is proposed. The proposed mixer consists of a microstrip-to-slotline transition balun, a microstrip-to-CPS transition, a pair of crossover diodes, and a lowpass filter. The mixer is fabricated on the Rogers RO4350 substrate with the relative dielectric constant of 3.66, dielectric loss tangent of 0.004 and thickness of 0.508 mm. The measured results show that, the conversion loss is less than 15 dB and the port-toport isolation is better than 25 dB from 3.1 GHz to 10.6 GHz.
Theory and design process
The structure of the microstrip-to-slotline transition balun is shown in Fig. 1 . The input and output impedance matching is realized by the circular microstrip line and the slotline. The signal is coupled to the coplanar stripline (CPS) from the slotline on the bottom layer. The specific theory and design procedure of the balun can be found in [6, 7] . The main advantage of this balun is that the signal is divided equally at the CPS with the phase difference of 180°.
Based on the EM simulation and optimization, the geometric parameters can be given as:
For the convenience of measurement, back-to-back configuration is adopted. The simulated S-parameters are shown in Fig. 2 . Within the frequency range between 3 GHz and 11 GHz, the return loss is over 15 dB and the insertion loss is less than 1 dB. Considering the structure is back-to-back style, the insertion loss of one single balun is less than 0.5 dB. The next step is to design the microstrip-to-CPS transition. The physical structure is shown in Fig. 3 (a). This structure is feasible and applicable in most dielectric substrates. Through the transition, the electromagnetic waves propagate with good continuity. Moreover, by tuning the line width, impedance matching condition can be satisfied. In the design process, two major issues (field matching and impedance matching) should be considered. In our paper, only impedance matching is discussed. The field matching problem has been specified in [8] .
The microstrip line has the characteristic impedance of 50 Ω with the width of 1.1 mm, while the CPS has the impedance of 82 Ω with the line width of 2 mm and slot width of 0.1 mm. The impedance matching is realized by the taper, which can be controlled by tuning s and W g . As shown in Fig. 3(b) , the characteristic impedance of the plane B-BA can be calculated as
where K is the first ellipse calculation function, W 3 and W 4 are the line width of metal lines on the upper layer, s is the slot width and h is the substrate thickness. The characteristic impedance of the plane C-CA can be calculated as
To match the impedance between the microstrip line (50 Ω) and CPS (82 Ω), Klopfenstein taper has been employed. The initial values of the parameters in Fig. 3 can be calculated based on the equations (1)-(8). Based on the characteristics of the Klopfenstein tapers, and to reduce the possibility of mismatching, the length of the taper should be =2 at the lowest working frequency of the balun [9] . Tuning and optimization are applied using the EM simulation software HFSS. The final parameters are obtained as follows:
The simulated S-parameters are shown in Fig. 4 . The return loss is higher than 10 dB and the insertion loss is less than 0.2 dB. Good results have been achieved.
The proposed mixer is based on the analysis of the double balanced mixing theory [10] . The simulation is carried out using the circuit simulation software ADS. A pair of Infineon silicon schottky cross-over ring diodes (BAT15-099R) has been used. The internal crossover connections make it possible to access the quad from the LO and RF without external crossovers, thus minimizing circuit parasitic effects. Identical baluns are used for the LO and RF, and their outputs are connected directly to the diode ring. The RF connection points are virtual grounds for the LO, and vice versa, assuring good LO/RF isolation. Unlike wound transformers, the baluns have no center ground connection that can be used as the IF. The usual technique of using one bonding wire interconnection for the IF is adopted so that its inductance effectively isolates the IF from the RF and LO. The inductance of this interconnection, however, limits the IF bandwidth. Still, this is a simple, low cost and broadband approach.
The measurement is carried out using one Agilent 8563EC spectrum analyzer and two Agilent E44198 signal generators. Calibrations have been carried out to increase measurement precision. Fig. 6 shows that the measured conversion loss is lower than 15 dB from 3 GHz to 11 GHz at IF ¼ 50 MHz and 100 MHz. Conversion loss can be increased by the inaccurate length of the bonding wire, also by the SMA connectors. Fig. 7 shows the measured port-to-port isolation at IF ¼ 100 MHz. From the frequency range from 3 GHz to 11 GHz, RF-to-IF and LO-to-IF isolations are higher than 40 dB. LO-to-RF isolation is better than 25 dB. Good port-to-port isolation has been achieved. In this paper, a double balanced mixer based on a novel planar balun with the operating frequency from 3.1 GHz to 10.6 GHz is proposed. Good performances have been verified by the experimental results. The proposed mixer has applications in the ultra-wideband transmission systems.
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